Micromonospora terminaliae sp. nov., an endophytic actinobacterium isolated from the surface-sterilized stem of the medicinal plant Terminalia mucronata 
collected from the grounds of the Phujong-Nayoa National Park, Ubon Ratchathani Province, Thailand (GPS: 14 26¢ 19.6 † N 105 20¢ 42.5 † E), and processed within 4 h of collection [17] . Crushed surface-sterilized stem tissue was placed onto VL70 medium containing a defined amino acid mixture and solidified with 0.8 % gellan gum [17, 18] . Strain TMS7 T emerged as a small colony from the stem tissue after incubation for 5 weeks at 37 C. In this paper, we describe the taxonomic position of this strain, including morphological, physiological, chemotaxonomic and phylogenetic characteristics. Polyphasic taxonomy showed that this strain represents a novel species of the genus Micromonospora, for which the name Micromonospora terminaliae sp. nov. is proposed.
Extraction of genomic DNA from strain TMS7
T and amplification and sequencing of the 16S rRNA gene were carried out as described previously [19] . The resultant 16S rRNA gene sequence of TMS7
T was analysed using the EzTaxon-e server [20] and subsequently aligned with the 16S rRNA gene sequences of representatives of all the recognized strains of the genus Micromonospora available from GenBank/EMBL by using CLUSTAL X [21] with Actinoplanes philippinensis IFO 13878
T as the outgroup. The phylogenetic trees were reconstructed by the neighbour-joining and maximum-likelihood analysis algorithms using the software package MEGA version 6 [22] . The neighbour-joining algorithm [23] was calculated according to Kimura's two parameter model [24] . The Tamura-Nei model [25] was applied in the maximum-likelihood analysis by using the Subtree-Pruning-Regrafting-Extensive (SPR level 5) program. The topology of the tree was evaluated by performing a bootstrap analysis [26] showed that strain TMS7
T was in the same clade as its closest neighbour, M. rosaria DSM 803 T , with low bootstrap support of 27, but it was in a different cluster from the strain with the closest 16S rRNA gene sequence similarity, M. chersina DSM 44151 T , with low bootstrap support of 22 ( Figs 1 and S2 ). The phylogenetic position of strain TMS7 T clearly showed that this strain could be distinguished from other species of the genus Micromonospora with validly published names.
The level of DNA-DNA relatedness between strain TMS7 T and all five of the closest neighbours was determined according to the colorimetric microdilution plate method using biotinylated DNA [27, 28] . The DNA hybridization evaluation was carried out by labelling both the DNA of TMS7 T and then reciprocally the reference type strains. The relatedness was calculated from quadruplicated hybridization experiments and expressed as a mean of the corresponding reciprocal values. The DNA-DNA relatedness values between strain TMS7
T and M. chersina DSM 44151 T ,
T and M. endolithica DSM 44398 T were 64.5±2, 49.6±3.5, 46.6±3.2, 29.5±0.5 and 23.1±1.9 %, respectively. These values were well below the 70 % cut-off point for recognition of genomic species [29] .
The G+C content of the DNA of strain TMS7
T was determined by HPLC [30] to be 71.1 mol%, which is in the range of those of other species of the genus with validly published names (68-75 mol%) by the T m or HPLC methods [31] .
The meso-isomer of diaminopimelic acid was detected by TLC using the method of Bousfield et al. [32] , and whole-cell sugars were analysed by the TLC method of Hasegawa et al. [33] . The whole-cell sugars contained galactose, glucose, mannose and xylose. The phospholipid pattern was determined as described by Minnikin et al. [34] and Komagata and Suzuki [35] using 5 % ethanolic molybdophosphoric acid, a-naphthol, ninhydrin, molybdenum blue reagent, Draggendorff reagent and periodate-Schiff spray. Major lipids were phosphatidylinositol, phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylglycerol plus three glycolipids, which corresponded to phospholipid type II [36] . The most closely related type strain, M. chersina DSM 44151 T , contained phosphatidylinositol and phosphatidylethanolamine [37] . Extraction and purification of isoprenoid quinones were performed using the method of Minnikin et al. [34] with analysis of the samples by reverse-phase LC-MS employing UV detection and electrospray mass spectrometry as described by Kaewkla and Franco [38] . Strain TMS7
T contained MK-9(H 6 ) (71.3 %) as the predominant menaquinone and small amounts of MK-9(H 4 ) (24 %) and MK-9(H 2 ) (4.7%). MK-10(H 4 ) and MK-10(H 6 ) were not detected but they were present in the most closely related type strain, M. chersina DSM 44151 T , at 18% and 10 %, respectively [39] .
For the analysis of whole-cell fatty acids, strain TMS7
T and five of the most closely related type strains of the genus Micromonospora were grown for 7 days at 30 C in tryptic soya broth (Oxoid) in an Erlenmeyer flask at 150 r.p.m and harvested by centrifugation. Washed cells (100 mg) were saponified, methylated and extracted and the fatty acid methyl esters were determined by following the protocols described by Microbial Identification (MIDI) [40] . The Sherlock ACTIN6 software version 6.2B was used for analysis. The whole-cell fatty acid pattern of strain TMS7
T was the iso-anteiso-branched type ( Table 1 ). The major cellular fatty acids of this strain were iso-C 15 : 0 , iso-C 16 : 0 , C 16 : 0 9-methyl and iso-C 17 : 0 (32.5, 24.4, 10.5 and 9.1 %, respectively), which was the same pattern as most of the related type strains. The cellular fatty acid components of the novel strain were different from those of the most closely related type strain, M. chersina DSM 44151 T , which contained C 11 : 0 2-OH and C 16 : 1 2OH; however, these fatty acids could not be detected in strain TMS7
T . Moreover, iso-C 18 : 0 was detected in cells of strain TMS7
T but it was not present in cells of M. chersina DSM 44151
T . Fatty acids in cells of strain TMS7
T were different from those of M. rosaria DSM 803
T in that strain TMS7 T contained a Morphological characteristics of strain TMS7 T and the five most closely related type strains were observed on eight different media: ISP 2, ISP 3, ISP 4, ISP 5, ISP 7 [41, 42] , Bennett's agar, half-strength potato dextrose agar (HPDA) and nutrient agar (NA) [42] as described in Table S1 . Strain TMS7
T showed morphology consistent with belonging to the genus Micromonospora, with substrate mycelium that was well developed but no aerial mycelium formed on any media tested. Electron micrographs revealed that it formed single spores (approximately 0.8Â0.4 µm) with smooth surfaces (Fig. S3 ). T , were studied in a side-by-side comparison. T . Catalase was positive for all strains. All strains could produce acid from glucose but not from myo-inositol, i-erythritol or sorbitol. They could not decompose uric acid. All six strains could assimilate acetate but not benzoate, L-lactate or L-tartrate. They could not use phenol as a sole carbon source. All strains could hydrolyse aesculin. They could grow with 1 % NaCl (w/v) but not with 5, 10 15 or 20 % (w/v) NaCl. All strains could grow well between pH 7 and pH 10 and at 27 C but could not grow at 4 C or 55 C. +, Positive or present; W, weakly positive; À, negative or absent; ND, not determined. DPG, diphosphatidylglycerol; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PI, phosphatidylinositol. 
*Data for whole cell sugars, menaquinones and polar lipids were taken from: a, Tomita et al. [37] ; b, Horan and Brodsky [45] ; c, Collins et al. [46] ; d, Kirby and Meyers [6] ; e, Hirsch et al. [39] .
Hydrolysis of starch, catalase production, assimilation of seven organic acids and utilization of four phenolic compounds as sole carbon sources were assessed as described by Kurup and Schmitt [43] . Acid production from 18 carbohydrates and decomposition of L-tyrosine, uric acid, urea, aesculin and hippurate were evaluated according to the methods of Gordon et al. [44] . Growth at different temperatures (4, 15, 27, 37, 45 and 55 C), NaCl concentrations (1, 3, 5, 10, 15 and 20 %, w/v) and pH between 4 and 10 (in 1 pH unit intervals) was assessed after incubation at 27 C for 7-14 days on ISP 2 medium [43] .
Physiological properties of strain TMS7
T and its closest neighbours, M. chersina DSM 44151 T and M. rosaria DSM 803 T , were significantly different ( T grew weakly with 3 % NaCl and at pH 6 but it could not grow at 15, 37 or 45 C and at pH 5, whereas strain TMS7 T could grow under these conditions.
Based on the results of this polyphasic study, isolate TMS7 T is proposed as a representative of a novel species of the genus Micromonospora, named Micromonospora terminaliae sp. nov.
DESCRIPTION OF MICROMONOSPORA TERMINALIAE SP. NOV.
Micromonospora terminaliae (ter.mi.na¢li.ae. N.L. gen. n. terminaliae of Terminalia mucronata, pertaining to the plant from which the type strain was isolated).
Gram-stain-positive, aerobic, catalase-positive. Growth occurs between 15 and 45 C but good growth occurs between 27 and 37 C. Good growth occurs between pH 6.0 and 10.0 and in the presence of 3 % (w/v) NaCl. Colonies are tough with a watery surface when older. Substrate mycelium develops well on any of the media used but aerial mycelium is not formed on any of the media tested. Diffusible pigments are not produced. The mycelium is extensively branched and forms single spores. A single, rod-shaped spore (0.4 µm diameter Â0.6-0.8 µm length) is observed. Additionally, the whole cell fatty acid profile is shown in Table 1 and physiological properties are listed in Table 2 .
The type strain, TMS7
T (=DSM 101760 T =NRRL B-65345 T ), is an endophytic actinobacterium isolated from the stem of a Thai medicinal plant (Terminalia mucronata) which grows in the Phujong-Nayoa National Park, Ubon Ratchathani Province, Thailand. The DNA G+C content of the type strain is 71.1 mol%.
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